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There were no other signiﬁcant differences in any of the bone
parameters.
Conclusions: The results from this study show that people with PHMED
tear have changes in trabecular bone besides the changes in cartilage
composition. Like earlier studies, we also found that people with knee
OA have greater incidence of PHMED tears. Although, knee OA is
characterized by an overall deterioration in bone parameters as shown by
decreases in bone volume fraction, trabecular thickness and trabecular
number and increase in trabecular separation; it has been shown that
cartilage loss in a compartment is related to an increase in trabecular
thickness in the same compartment with bone loss usually being seen in
the contralateral unloaded compartment. It is plausible that the altered
loading not only leads to cartilage loss, proteoglycans loss (high T1ø)
and collagen disruption (high T2) in underlying cartilage, but also leads
to re-organization of trabeculae overtime with an overall poor quality of
bone with low number of trabeculae which are thicker. These ﬁndings
shed new light into the interactions of meniscus, cartilage and bone in
the pathogenesis of knee OA in people with meniscal tears. Analysis
of additional subjects for trabecular bone parameters with separate
medial and lateral tibia compartments, as well as, follow-up over 3 years
is currently underway to analyze the inﬂuence of meniscal tears on
underlying cartilage and bone over time.
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Purpose: Similar to delayed gadolinium enhanced MRI of cartilage, it
might be possible to image cartilage quality using CT arthrography (CTa).
This study assessed the potential of CT arthrography as a clinically
applicable tool to evaluate cartilage quality in terms of sulphated
glycosaminoglycan content (sGAG) and structural composition of the
extra-cellular matrix (ECM).
Methods: Eleven human cadaveric knee joints were scanned on a clinical
CT scanner. Of each knee joint, a regular non-contrast CT (ncCT) and a
ioxaglate injected CTa scan were performed. Mean X-ray attenuation of
both scans were compared to identify contrast inﬂux in seven anatomical
regions of interest (ROI). All ROIs were rescanned with contrast-enhanced
mCT, which served as the reference standard for sGAG content. Mean
X-ray attenuation from both ncCT and CTa were correlated with mCT
results and analyzed with linear regression. Additionally, residual values
from the linear ﬁt between ncCT and mCT were used as a covariate
measure to identify the inﬂuence of structural composition of cartilage
ECM on contrast diffusion into cartilage in CTa scans.
Fig. 1. Contrast diffusion into cartilage in ncCT compared to CTa.
***p < 0.0001.
Fig. 2. Correlated results of mean attenuation from EPIC-mCT and both
CT-scans for all ROIs combined. ***p < 0.0001.
Fig. 3. Predictive CTa value (horizontal axis) based on best ﬁtted
model from EPIC-mCT (sGAG) and ncCT residuals (cartilage composition)
correlated with mean attenuation of CTa.
Results: CTa resulted in higher X-ray attenuation in cartilage compared
to ncCT scans for all anatomical regions (Figure 1). Furthermore, CTa
correlated excellent with reference mCT values (sGAG) (R =0.86; R2=0.73;
p < 0.0001). When corrected for structural composition of cartilage ECM,
this correlation improved substantially (R = 0.95; R2= 0.90; p< 0.0001).
Conclusions: Contrast diffusion into articular cartilage detected with
CTa correlates with sulphated glycosaminoglycan content and to a lesser
extent with structural composition of cartilage ECM. CTa may be clinically
applicable to quantitatively measure the quality of articular cartilage.
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Purpose: Semiquantitative MRI scoring systems for knee osteoarthritis
(OA) typically deﬁne longitudinal change in cartilage morphology and
bone marrow lesions (BMLs) within a subregion in terms of at least
one full-grade change between time points. In order to increase the
sensitivity to detect change, we introduced the practice of scoring within-
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(or "partial-") grade changes for WORMS cartilage and BML assessment
in order to code longitudinal changes that do not fulﬁll the criteria of
a full-grade difference between time-points. The aim of this study was
to examine the validity provided by within-grade scoring of cartilage
and BMLs in comparison to full-grade assessment using baseline and
30 months follow-up MRIs from the MOST study.
Methods: The Multicenter Osteoarthritis (MOST) Study is a longitudinal
observational study of subjects with knee OA or at risk of developing OA.
The MRI protocol included axial and sagittal proton density-weighted fat-
suppressed fast spin-echo and a coronal STIR sequence (1.0 T extremity
system). PA X-rays were scored according to the Kellgren/Lawrence scale
by two experienced readers. In addition, long-limb ﬁlms were acquired
and mechanical alignment was measured. Neutral alignment was deﬁned
as 179–181 degrees, varus malalignment as ≤178 degrees and valgus
malalignment as ≥182 degrees.
The present analysis included all knees with available baseline and
30 months MRI and radiographic readings. MRIs were read according to
the modiﬁed WORMS scoring system including scoring of within-grade
and full-grade or greater changes for cartilage and BMLs.
The sensitivity and speciﬁcity of MRI-deﬁned cartilage loss to detect
increase in X-ray deﬁned joint space narrowing was assessed using
cartilage scores applying within-grades plus full-grades vs. full-grades
only.
The ability of baseline knee malalignment and meniscal damage to
predict compartment-speciﬁc structural progression was assessed using
ordinal logistic regression adjusting for age, sex and body mass index.
Progression was deﬁned as cartilage loss and BML worsening considering
within-grade scoring only vs. full-grade scoring only.
Results: 1867 knees were analyzed. Sensitivity to detect increase in joint
space narrowing for full-grade changes only was 0.55 and speciﬁcity was
0.86. For scoring of within-grade plus full-grades combined, sensitivity
was 0.66 and speciﬁcity 0.81.
Any varus malalignment predicted both, within-grade and full-grade
worsening of BMLs in the medial compartment [Within-grade scoring:
moderate malalignment (mMA) adjusted odds ratio (aOR) (95%
conﬁdence interval-95% CI) 1.9 (1.5, 2.5) severe malalignment (sMA) aOR
3.3 95%CI (2.2, 5.0). Full-grade scoring: mMA aOR 1.8, 95% CI (1.4, 2.3)
sMA 2.3 95% CI (1.5, 3.7)]. Malalignment similarly predicted within-grade
and full-grade WORMS medial cartilage loss. Results were comparable for
valgus malalignment predicting subsequent within-grade and full-grade
changes in lateral cartilage and BML worsening.
Severe meniscal damage predicted within-grade and full-grade
worsening of cartilage and BMLs in a comparable fashion.
Conclusions: Recording of within-grade subregional changes between
timepoints for WORMS cartilage scores increases sensitivity for the
detection of X-ray deﬁned wosening of joint space narrowing by only
slightly decreasing speciﬁcity. Both, within-grade and full-grade or more
cartilage and BML changes are predicted by baseline malalignment and
meniscal damage. Scoring of partial grade changes increases number of
compartments and subregions showing change and the association of
partial grade changes with risk factors and outcomes suggests that they
are clinically relevant.
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Purpose: Fractal signature analysis (FSA) is a method to assess trabecular
bone architecture from radiographs. It starts by quantifying bone texture
(i.e. degree of ‘roughness’ and ‘complexity’) at a range of spatial
scales, using fractal dimensions (FDs). FSA ﬁts a curve – the fractal
signature (FS) – to the FDs as a function of spatial scale. Separate
FSs can be calculated for vertical and horizontal FDs, which reﬂect
their respective trabecular dimensions. Recently FSA has been shown to
predict radiographic knee osteoarthritis (RKOA) structural progression.
The aim of this study was to determine whether baseline trabecular
bone texture, measured by FSA on radiographs, predicts incident RKOA
in a nested case-control study.
Methods: We conducted both incident RKOA nested case-control and
cross-sectional RKOA prevalence analyses in the Osteoarthritis Initiative
(OAI). Incident RKOA case knees (n = 140) were deﬁned as having a K/L
grade of 0–1 at baseline that changed to ≥ 2 at any follow-up time
point (12, 24, 36 or 48 months). Control knees (n = 300) were eligible for
incident RKOA but did not develop it by 48 months and were frequency
matched to cases (ratio ~2:1) on clinic site, baseline K/L grade (0 or 1) and
baseline contralateral knee K/L grade (0–1 or 2–4). FSA was performed
on the baseline ﬁxed ﬂexion radiographs and vertical and horizontal
FDs were calculated separately for medial and lateral compartments.
In order to perform a cross-sectional analysis of FS and baseline RKOA
(K/L ≥ 2) status, FSA was performed in all knees contralateral to case and
control knees. FDs were plotted versus spatial scale, referred to as radius,
to display the FS as a function of radius. FSs were estimated for each
participant and the average, trend and curvature were used to predict
RKOA status with logistic regression.
Fig. 1. Quadratic model ﬁts of vertical-medial FD for knees with prevalent
RKOA and no prevalent RKOA as a function of radius as well as average
± SD.
Fig. 2. Quadratic model ﬁts of vertical-medial FD for knees with incident
RKOA and no incident RKOA as a function of radius as well as average ±
SD.
Results: A total of 413 participants (163 male, 250 female, mean age
61 years) were included in this study. In the cross-sectional analysis,
baseline RKOA was present in 36% of the contralateral case and control
